urban agriculture is becoming a relevant strategy to increase the resilience in highly populated cities since it helps in addressing urban food scarcity, malnourishment and obesity problems, may provide alternative economic opportunities and improves environmental quality. Mexico city is facing numerous challenges related with the fast growth of its population that threatens its ability to keep up providing them with basic food and water services. Low prices of processed foods associated with industrial agriculture, combined with the urbanization lifestyle, have left Mexico city with a public health crisis. To contribute to solving these problems, it is proposed to use several Pop-up farms using Mel Bartholomew's system for the cultivation of local vegetables (tomatoes, romaine lettuce, pepper, spinach, onions, celery, etc.), taking advantage of the city's subtropical highland climate and a specially designed rainwater harvesting system. Preliminary results show that a Pop-up farm can supply a significant fraction of the average yearly family consumption for these vegetables in the region. a cost benefit analysis shows that Pop-up farms are a viable strategy for providing high-quality food at low costs contributing to increase health and economic conditions in urban environments.
1 INTrODucTION urban agriculture is not a recent concept in Mexico city. The first human settlements in the area, the aztecs, in Teotihuacan, were immersed in a complex agricultural landscape. as a result, they established amazing agriculture methods. The most popular is the one called chinampas, still used nowadays [1, 2] . In Mexico city, urban agriculture coexists in urban and peri-urban areas between rural and urban environments. for example, peri-urban farmers that work in typical jobs (guards, civil servants, construction workers, etc.) during weekends, work their crop fields. They represent 0.7% of the urban population [3] . a limiting factor for urban and peri-urban agriculture to represent a viable strategy to increase food supply and improve urban conditions is the lack of economic incentives. Mexican policies are not currently focused on the development of national urban agriculture. One of the most important urban agriculture programs in Mexico city is the 'Sustainable Small-scale agriculture' (aSPE) supported by the Ministry of rural Development and Equity for community (SEDErEc is the acronym in Spanish). The city Government organizes this program every year with the objective of giving economic support to projects where self-consumption and commercialization of organic foods at small scale are implemented. In 2017, 131 projects in the 'Promote urban agriculture' division were approved [4] .
On the other hand, in industrialized countries where food security is not compromised, urban agriculture is viewed more as a recreational exercise than an actual activity for food production. However, in developing countries like many Latin american's it has become a relevant activity for food production [5] .
In this paper, we are proposing the use of two Pop-up farms cultivation tables in Mexico city, in Gustavo a. Madero Municipality. In this location, like most of the city, we can find great economic inequalities and underdevelopment. according to the National Institute of Statistics and Geography [6] , approximately 10.8% of the people in the area are affected by food scarcity. additionally, data of urban agricultural production in the zone is missing. as the food and agriculture Organization observes, urban agriculture in this part of Mexico city is in its beginning [7] . a significant advantage to maximize production of our Pop-up farming cultivation tables is that they follow the empirical Mel Bartholomew's system (MB system) [8] . We build the two elevated cultivation tables according to the technique 'Square meter gardening', in a space of 1 m 2 , it is feasible to plant crops that provide fresh vegetables for one person all year round. following Bartholomew's method, the crops are rotated according to their harvest cycles. furthermore, the MB system identified, by experimental research, the best mix of soil and the necessary space each crop needs to allow using the whole growing area. We choose the MB system due to its simplicity. It can be operated by a common person (non-agricultural). finally, to evaluate the economic benefits that represent our production, we have done a costbenefit analysis which consists of a comparison between the expected results of the MB system with our results.
To our knowledge, the use of the rainwater in Mexico city is rather scarce, despite Mexico having the conditions to exploit this resource given its geographic location and weather. There is a minimal amount of recycled water or rainwater harvest in houses. furthermore, the drinking water supplies in Mexico city are an increasing problem as a result of the overpopulation, poor urban planning, general contamination and lack of regulations to enforce proper waste water treatment. In the present work, we will address the benefits of implementing a rainwater harvest system for crop irrigation [3] .
This paper is organized as follows. Section 2 describes the implementation of the cultivation tables and the design of the rainwater capture system. Section 3 contains the procedure of the costbenefits analysis. In Section 4, we present the performance of the two cultivation tables and their corresponding economic analysis. Section 5 presents discussions and concluding remarks.
cONSTrucTION Of THE cuLTIVaTION TaBLES
This section briefly describes the two cultivation tables used in this work based on the MB system and complemented by an ad-hoc rainwater harvesting system.
The cultivation tables were placed following the three main factors of the MB system: (i) it must be easily accessible to the user to facilitate plant care and crop harvest, (ii) it should have between 6 and 8 h of sunshine per day and (iii) a suitable drainage system must be ensured to prevent excess humidity in the cultivation tables' substrate (ground). The location of the cultivation tables is presented in fig. 1 .
We have used the recommended procedures to design and build the two elevated cultivation tables. The MB system suggests that approximately 30 cm depth of soil mixture is suitable to plant all kinds of crops. The cultivation tables were manufactured using common and widely available materials, such as ordinary wood panels, bricks, plastic, nails and screws. The first cultivation table, labelled as E in fig. 1 , is 1 m 2 with 30-cm depth where crops that develop larger roots were placed and the second one, F, is 1.8 m × 1 m with 15-cm depth were adequate crops were planted. Different sizes were used for two main reasons, the material and space we had available. following the MB method, both cultivation tables were divided into rectangular sections of at least 30 cm per side as indicated in fig. 2 . The area of the sections provides the necessary space for each plant when they are mature. cultivation table E was divided into nine sections E1E9, while cultivation table F was divided into 11 sections f1-f11.
crop selection
Mexico city presents an advantage due to the weather conditions which are favourable for flora's development. The climate is mild and moderate to abundant rainfall in summer. The average annual temperature is 16°c, highest temperatures (25°c approx.) are reached from March to May and the lowest (5°c approx.) during January [6] .
for this work, a mixture of 12 crops and herbs commonly found in a Mexican diet were selected: onion, celery, coriander, lettuce, arugula, radish, spinach, pumpkin, bean, pea, pepper and tomatoes. This selection allows harvesting all year round due to their cultivation season. crop type and number of sowed seeds per section are shown in Table 1 . In section f11, tobacco and chamomile were cultivated as pest repellent and they are not considered for final results. 
Substrate
The substrate used in the cultivation tables is a mixture of three equal parts of coconut fibre, worm humus and compost, commonly known as Mel Mix [9] . The coconut fibre, used as a component of peat-based substrates, provides a moisture retention capacity (66%), a high aeration of the root system, buffer capacity (pH 5) and electrical conductivity of the medium (2.15 mS/cm) [10] . compost is characterized by keeping the micro fauna in balance, having low levels of salinization, high cation exchange capacity as well as maintaining the physical structure that allows water and air flowing permanently. finally, worm humus is a substrate with high microorganism content which allows an increase in the biological activity of the soil that in turn improves crops resistance against plagues and diseases [11].
Germination and heights of the crops
for the cultivation tables, seeds from a supplier were used in Mexico city, 'Los Molinos' ranch [12] . It was possible to plant the first part of the seeds corresponding to the cultivation table E on July 1st. Due to the delay in obtaining the remaining seeds and the materials for the required mixture of the method, the second part of the seeds which corresponds to the cultivation table f, were planted on July 14. for the days of germination expected, we rely on the information provided by the seed supplier [12] . Germination days were considered as the days in which we saw leaves bud for the first time. Heights were measured daily and were compared with Mel Bartholomew expected cultivation times [8] . also, we checked the recommended season of cultivation. The detailed information is presented in Table 2. 2.4 Irrigation system as a first approach, an irrigation schedule using a total of 30 L of water every 2 days was deemed adequate to maintain optimal humidity conditions in both cultivation tables for the whole experimental period. The irrigation was performed by an automatized ad-hoc system that collects rainwater and distributes it with an 1/6 hp water pump. It is estimated that in a 14 m 2 area, it is possible to collect up to 47 m 3 yearly of water given current rainfall conditions in Mexico city easily covering the water needs of the proposed system. Data including substrate humidity and pH levels (using a Soil Meter sensor), germination period and plant height are logged manually daily. although not ideal, plant height was used in this work as a measurement of preliminary system performance given that the experiments are ongoing.
3 cOST BENEfIT aNaLYSIS a financial model that considers the benefits of the Pop-up farm system (cultivation tables, rainwater capture and irrigation systems) and the costs of water, energy usage, implementation, maintenance and operation is developed to evaluate its strengths and weaknesses.
categorization of expenses
a list of the expenses incurred during the construction of the proposed production system was recorded to compare and ensure that future designs are more efficient economically and to potentially assess the its lifecycle at the end of the harvest period.
Expenses associated with the construction of the cultivation tables and the rainwater harvest and irrigation systems are considered as implementation costs. Expenses that are directly related to keeping the production system infrastructure in good working order are considered as maintenance costs.
3.2 financial model a financial model was built to allow estimations of the expenses that a family might incur to purchase their vegetables and to be able to assign a utility to the vegetables produced by the production system [13, 14] . The following data is considered in the model: current inflation rate in Mexico based on monthly consumer price index (cPI) from the past 5 years, current minimum wage in Mexico city; monthly transportation cost (one trip formed by one round subway fare and one round bus fare) incurred to purchase the vegetables [15] in the biggest city market, known as central de abastos. It is worth noting that although smaller open markets are common across Mexico city, it is fairly common to purchase family vegetables from the central market due to their lower prices.
In our financial model, the following assumptions were made: inflation rate of 6%, monthly minimum wage ($88.35 MxN) and transport spending ($44.18 MxN) [16] .
To estimate a crop's maximum gross financial potential from the production system, the annual production for each crop shown in fig. 6 is multiplied by the maximum retail price [15] in the market central de abastos. In this preliminary study, the prices for august are assumed as constant disregarding seasonal variation in prices. The total gross potential financial gain of production system is simply the total for all crop.
The net financial potential gain of the production system is the estimated gross gain after deducting maintenance expenses. Implementation costs are only considered in the first year because it is the amount of capital required to build the whole system.
Study case
a study case is proposed to estimate the potential financial benefits that a family might have from growing their own vegetables at their home when compared with the economic cost and time invested in purchasing from the market. for this, the net financial potential, based on central market prices [15] , is extrapolated to a 5-year period, assuming prices and expenses increase with inflation rate while system production is assumed constant.
rESuLTS
This section presents measured system results from germination time, plant height, plant growth rate and crop production. from these, results from the costbenefit analysis are presented.
Germination time
The measured germination time for each kind of vegetable is presented in fig. 4 . The results are compared with minimum and maximum expected germination times reported by [8, 12] and shown in Table 2 . Note that the germination times presented for most in the production system are between the expected ones [17] . for other vegetables (e.g. beans, pumpkin and radish), the germination period is close to the minimum expected. This might be related with weather conditions in Mexico city with average annual temperature of 16°c that is beneficial for these crops (seed instructions recommend, for an optimal period of germination, an average annual temperature of 15°c).
Plant height
The measured plant height after 50 days is presented in figs. 5 and 6 compared with the expected height values reported by Mel Bartholomew for harvest time [8] . Note that after approximately 45 days, just a few plants have reached harvest time, specifically: coriander and radish. as is clearly seen in fig. 5 , the heights of the plants reached in the proposed production system are lower than the maximum expected heights for all crops: this is expected since the plants have not reached harvest time (only onion, lettuce, radish and spinach reached the minimum expected heights, based on Mel Bartholomew's work [8] , within the measured timeframe) by the time reported in fig. 5 .
It is possible to observe that except for coriander and radish, our vegetables are around 50% of the required days, despite being planted in the recommended season presented in Table 2 . It is important to mention that the present results are preliminary due to the fact that almost all the crops continue within the growth period to reach their expected height. Even figure 4: Germination vs days. MGd are the maximum expected germination days, Gd are the germination days presented in our system and mGd are the minimum expected germination days.
so, we discovered that in the case of the onion, lettuce, spinach and pumpkin, it is possible to obtain at least the minimum expected heights in fewer days.
Production
In fig. 6 , we display the values estimated for our production. unfortunately, due to the lack of time, we estimated the production with a rough comparison of time and heights. Of course, such simplifications do impose some limitations on the costanalysis results. Once we had the final production, a natural further step would be to remove the production's estimated values.
With the results obtained in the plant's heights vs. the days elapsed and comparing with the corresponding expected values reported by [8] , we calculate the performance per vegetable. The results of this approach are as follows: onion 210.8%, celery 58.3%, coriander 24.3%, lettuce 214.5%, radish 21.1%, spinach 81.7%, pumpkin 54%, arugula 65%, bean 62.7%, pea 58.5%, pepper 72.9% and tomato 28.2%. To use as a reference, 100% is when the vegetable reaches the minimum height within the expected time period reported by [8] . finally, we multiply the expected production data by the obtained performance's percent and the number of plants in our system.
Our production results using the performance approach shows that crops such as coriander, radish, pumpkin, arugula, bean, pea, pepper and tomato need the complete period of days to reach the expected production, whereas vegetables such as onion and lettuce grow in a faster rate than the expected values. However, due to the fact that the vegetables are for selfconsumption, it will not be difficult to provide enough time for the vegetables to reach the corresponding size and obtain better results. Now we turn to the costbenefit analysis. The results obtained for the projection of the expenses and production over 5 years are presented in Table 3 . This table shows evidence of the advantages of using cultivation tables. The macroeconomic effects such as inflation and loss of purchasing power can be minimized.
The projection shows that the 'income' and the 'operating expenses' during 5 years in our system increases slightly. Only in 'Year 1' it is necessary to consider the implementation cost. It is important to realize that this cost can be lower if you include more recycled material. However, just in 'Year 1' the system exhibits economical losses, but for the rest of the years the system presents incomes. as a matter of fact, these incomes also increase slightly.
In comparison, the price of the vegetables in retail markets are subject to several factors as well as costs including the use of pesticides, harvest labour, transportation, refrigeration, distribution and storage that are difficult to predict and might become even higher in highly populated areas far from agricultural centers. In contrast, cost associated with crops from Pop-up farms have the potential to be more stable due to their simpler production system.
cONcLuDING rEMarKS
This work has presented preliminary results from the implementation of a Pop-up farm system that consists of two cultivation tables using Mel Bartholomew's method and an ad-hoc irrigation system with rainwater harvesting. It has been shown that it is a relatively easy method in terms of manufacture and operation with the additional advantage of low costs suitable to be implemented in highly populated urban areas.
System production at this point has been estimated using crop heights at early growth stages and comparing it with estimated heights from seed producers. Validation of this methodology will be tested once actual harvest results are obtained and will be published accordingly. a simple economic model has been used to estimate the potential economic benefits of Pop-up farms showing that even with low crop performances the system presents net incomes that increase slightly over time making them a viable economic opportunity. Improvements considered for future designs include the use of a higher proportion of recycled materials that meet the operational requirements of the cultivation tables.
In highly populated areas in developing countries, such as Mexico city, Pop-up farms present multiple additional benefits such as reducing the energy usage in crop transportation, Table 3 : costbenefit results projected for 5 years.
Year 1
Year 2
Year 3
Year 4
Year 5
refrigeration, distribution and storage; reduce packaging-related waste; and increase poor families access to fresh vegetables contributing to an overall improvement in nutrition, food security and health conditions. for a megacity such as Mexico city, urban agriculture can contribute to a better nutrition and economy since this model can be available for a poor population to have an improvement in terms of food security and health conditions. Human health through food safety and diversified diet is becoming an urgent issue for governments. urban farming may not be the solution to solve food scarcity, but it is a way to establish condition for permanent upgradable systems able to adapt to an environment that changes day by day. acKNOWLEDGMENTS
